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ABSTRACT
An investigation was conducted to compare protein
components of Anaplasma marginale and Plasmodium lophurae
and to determine the state of autoimmunity in calves and
ducks infected with these organisms.

Partially-purified

A. marginale, P. lophurae, and normal erythrocytic prepara
tions were prepared, dissolved in phenol-acetic acid-water,
and separated by disc electrophoresis on columns containing
7.5 percent acrylamide, 35 percent acetic acid, and 5 M urea.
Common protein components were not found in the parasitized
preparations.

However,

a single band was observed which

was not found in the normal erythrocytic controls.

Four

protein bands were found to have similar electrophoretic
mobilities in all samples of both parasitized and normal
erythrocytes.
Parasitized cells were observed to have a much
higher uptake in amounts of ^ 4C compounds.

A. marginale-

infected erythrocytes showed a 6-fold increase in the
uptake of 1 - ^ C - a c e t a t e and a 30-fold increase for l - ^ C methionine over normal erythrocytic preparations.

P.

lophurae-infected erythrocytes had a 1.6-fold increase in
uptake of 1 - ^ C - a c e t a t e , and a 5-fold increase for 1 - ^ C methionine over normal controls.

vii

An attempt was made to determine specifically where
the increased- uptake of label was to be found in the para
sitized preparations.

Disc electrophoresis of membranes

labeled with 1-^^C-methionine followed by liquid scintilla
tion counting of the various protein bands showed that there
was an increase for all fractions.
Passive hemagglutination tests conducted utilizing
normal and Anaplasma-infected erythrocytes and rabbit antibovine serum demonstrated that Anaplasma infected erythro
cytes had undergone an in vivo autoantibody-erythrocyte
reaction.

Membrane preparations from Anaplasma-infected

erythrocytes and normal erythrocytic preparations were
utilized in gel diffusion and immunoelectrophoresis against
rabbit anti-bovine serum and rabbit anti-bovine gamma
globulin serum.

From these tests it was concluded that

bovine gamma-globulins were reacting in vivo with erythro
cytes of Anaplasma-infected calves.

Immunoferritin tests

substantiated the fact that an in vivo autoimmune response
was occurring, but results from an immunoplaque assay were
negative.
Passive hemagglutination tests with P. lophuraeinfected duck erythrocytes and rabbit anti-duck serum showed
that the erythrocytes from infected animals had undergone
ran in vivo autoantibody-erythrocyte reaction.

Single in

jections of inactivated Plasmodium or Anaplasma preparations
were made in ducks and P C V followed for 14 days.
not observed during this period.
viii

Anemia was

SELECTED LITERATURE
I.

Classification of Anaplasma marginale
Anaplasmosis is an infectious anemia of cattle and

other ruminants

(Dimopoullos and Bedell, 1962; Schroeder and

Ristic, 1968).

Theiler believed the etiologic agent to be

a protozoan and the genus Anaplasma was designated to describe
its morphology.

Several species of Anaplasma have been de

scribed (Breed, Murray, and Smith, 1957) of which Anaplasma
marginale is of major economic importance to the cattle
industry of the Americas.

The seventh edition of Bergey1s

Manual of Determinative Bacteriology

(Breed, Murray, and

Smith, 195 7), as well as many recent investigations, favor
the classification of Anaplasma in the Rickettsiales
and Ristic, 1963b; Ristic, 1960, 1968).

(Kreier

Some of these inves

tigators based their classification upon serological tests
demonstrating cross reactions between Anaplasma and other
rickettsia (Ristic, 1968).
bodies

In addition,

initial Anaplasma

(AB) and parasites of Eperythrozoon and Haemobartonella

appeared to be structurally similar (Kreier and Ristic, 1963b;
Small and Ristic, 1967).

Simpson, Kling, and Love

(1967)

have reported that AB contain from 1-6 subunits, each being
surrounded by a double membrane.

The subunits were located

in intracytoplasmic vesicles in the erythrocyte and were
bound by a single membrane.

1
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More recently a review by Dimopoullos

(196 8) has

shown that Anaplasma marginale shares common antigens with
several plasmodial species.

Employing hemagglutination-

inhibition tests, it was observed that a protein antigen
was shared between A. marginale, Plasmodium lophurae, and
Plasmodium berghei.

A common carbohydrate antigen was found

in A„ marginale and P. lophurae.

The same author reviewed

work that demonstrated cross-reacting antigens between
Anaplasma and Plasmodium as determined by the fluorescentantibody

(PA) technique.

These findings could be used by

those who favor the classification of A. marginale as a
protozoan.

Thus, antigens of Anaplasma have been shown to

be related to both rickettsia and protozoa.

These results

demonstrate that the equivocal state of classification for
A. marginale will persist until additional information
concerning its antigenic relationships and synthesis of
membranes can be obtained.

An understanding of the relation

ship between Anaplasma and Plasmodium would be greatly aided
if these organisms could be grown axenically in a defined
medium.

Until that time, other approaches to the problem

will have to be taken.

One such approach is the analysis

of membrane proteins by electrophoresis which may reflect
the genetic identity of the organisms
and Razin, 1967) .

(Korn, 1966; Rottem

II.

Disc electrophoresis and

labeling

Several investigators have reported on the use of agar,
starch, and acrylamide gel electrophoresis for the determina
tion of soluble plasmodial and Anaplasma components

(Finerty

and Dimopoullos, 1968; Ristic and Mann, 1963; Sherman, 1964),
Sherman

(196 4) , employing starch gel electrophoresis for the

determination of soluble plasmodial components,
that 4 specific bands could be detected.
Dimopoullos

concluded

Finerty and

(196 8) have reported on the disc electrophoretic

separation of soluble preparations of purified P. lophurae
and A. marginale.
Dimopoullos

The methods of Wallace, Finerty, and

(1965), as well as Dimopoullos and Bedell

were followed for the purification of parasites.

(1962),

Electro

phoresis was conducted employing the methods of Davis

(1964).

The separation showed 13 fractions some of which were due to
the components of the host erythrocytes.

Some of the bands

migrated the same distances from the origin and this might
imply that these bands represented similar components.
Due to the variation in number of electrophoretic
fractions obtained from studying the same organisms

(Finerty

and Dimopoullos, 1968; Ristic and Mann, 1963; Sherman, 1964),
it is quite evident that conditions leading to maximal solu
bilization and separation of monomeric proteins must be
obtained to compare suspected related microorganisms.
et al.

Waller

(1963) utilized urea and acetic acid for separation

of ribosomal subunit proteins and found this system to be
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superior to aqueous preparations.

When mitochondrial mem

branes were dissolved in sodium dodecyl sulfate and fraction
ated in polyacrylamide gels prepared according to Davis
(1964) only a single heavy band appeared
196 7).

(Rottem and Razin,

However, when the protein was dissolved according

to Takayama et al.
(2:1:0.5}

(196 6) in phenol-acetic acid-water

and run in 7.5 percent acrylamide gels containing

5 M urea and 35 percent acetic acid, more than 10 bands
were resolved.

The acetic acid and urea served to transform

the hydrophobic membrane proteins to their monomeric form
and prevented the reaggregation of the monomers during
migration in the gels
et al., 1966).

(Rottem and Razin, 196 7; Takayama

Rottem and Razin

(1967) observed that

isolated Mycoplasma laidlawii membranes could also be
dissolved in phenol-acetic acid-water.

The dissolved mem

brane proteins exhibited a highly reproducible electropho
retic pattern when tested in Takayama*s system.

The pattern

was the same for membranes isolated from different batches
of cells.

Rottem and Razin

(19 67) and Razin and Rottem

(196 7) proposed that the electrophoretic patterns of membrane
proteins be used as "finger prints"

for the rapid identifica

tion and classification of Mycoplasma.

These authors also

found that the proteins of Mycoplasma cells of various species
produced highly reproducible and species specific electropho
retic patterns in polyacrylamide gels containing 5 M urea
and 35 percent acetic acid.

Haas, Sacks, and Razin

(1968)

5
found that 55 strains of Mycoplasma isolated from the sputum
of patients suffering from respiratory diseases could be
identified by polyacrylamide gel electrophoresis in addition
to the conventional biochemical methods and growth inhibition
by antisera.

The electrophoretic patterns obtained were

species-specific and highly reproducible.
Theodore, King, and Cole

(1969)

reported on the

identification of L forms by polyacrylamide gel electropho
resis.

Crude membrane preparations were dissolved in phenol-

acetic acid-water and run on gels containing 7.5 percent
acrylamide and 5 M urea.

Electrophoretic patterns and densi-

tometric tracings of the gels showed distinct,

reproducible

intergeneric differences among L forms of Proteus, Streptob a c i l l u s , Staphylococcus, and Streptococcus.
Due to the lack of established techniques for pre
paring host-free parasite samples the use of ^ C

labeling

in conjunction with disc electrophoresis may aid in identi
fication of parasite membrane components.

The normal and

infected red cells seem to be very suitable for studies of
the parasitic membrane components and the factors engaged in
the cellular uptake of amino acids.

The amino acids taken

up by the red cells are not significantly incorporated into
proteins of the mature erythrocyte as in the parasite or
tissue cells with an active protein metabolism
1968).

(Bjornesjo,

6
In a study of amino acid uptake in human erythrocytes
it was found that the uptake was greatest for glycine, phenyl
alanine, and lysine, while the uptake of glutamic acid was
negligible.

Glycine was rapidly transferred to glutathione

within the red cells

(Bjornesjo, 1965).

Thus, in tagging

of mtraeryth r o c y t i c parasite membrane components,
would not be employed.,

Bjornesjo

14

C-glycine

(1968) has shown a signifi

cant increase in erythrocyte/plasma distribution ratios for
several groups of amino acids in malignant disease, and in
active inflammation.

The ratios were significantly elevated

also in hepatitis epidemica but not as much as in acute
bacterial infections representing a more active type of
inflammation.
The amino acid composition of plasma and erythrocytes
of non-infected splenectomized claves and splenectomized
calves parasitized with A. marginale was investigated by
Love and Wiygul

(1969)„

The analysis of samples of plasma

and of erythrocytes from normal calves and from calves
infected with A. marginale resulted in identification of 21
amino acids.

The quantitative pattern of free amino acids

in plasma of Anaplasma-infected calves was significantly
altered as compared with normal plasma.

Of the 21 amino

acids identified, 9 had marked differences in concentrations
as compared with normal.

A decrease from normal was reflected

in 6 of these 9 amino acids.

Love and Wiygul

(1969) stated

that it is attractive to speculate that A. marginale initiates

7
a metabolic change resulting in utilization of plasma-free
amino acids for new protein synthesis which may also include
antibody formation by the host.

The infected erythrocytes

showed an increase in 11 of 21 amino acids.

Whether this

was an intracellular reflection of Anaplasma growth and its
attendant protein synthesis was not proven.
(1966)

Mason and Ristic

compared the uptake of -^C-glycine by A. marginale

infected bovine erythrocytes to that of normal bovine erythro
cytes,,

They found an approximate 20-fold increase in -^C-

glycine uptake for the infected cells as opposed to the normal
control.
Polet and Conrad

(1968) demonstrated that isoleucine

and methionine are essential for growth of erythrocytic forms
of Plasmodium knowlesi.

An exoerythrocytic source of cystine,

tyrosine, arginine, glutamine, histidine, and lysine were
also required for optimal in vitro development of P, knowlesi
during one schizogonic cycle.

The criteria used for growth

were the development of immature schizonts and segmenters
from ring forms of trophozoites during an incubation time of
20 hr.,

The ring forms of trophozoites failed to develop in

the absence of isoleucine, indicating that this amino acid
is essential for growth.

In the absence of methionine,

growth of P. knowlesi was reduced to 54 percent.

Quantitative

comparison of the utilization of various amino acids for
protein synthesis were made and the results showed that
isoleucine was more avidly incorporated into the protein

8
of P. knowlesi than the other amino acids
1969) .

(Polet and Conrad,

Methionine was incorporated into protein at a con

centration of approximately 10 percent as compared with
isoleucine,,
Siddiqui and Trager (1967) found that normal duck
plasma was very similar in amino acid composition to human
blood plasma.,

The plasma amino acids from ducks infected

with P„ lophurae were markedly changed.

Threonine was 4

times the normal concentration and proline, valine, leucine,
tyrosine, and phenylalanine were present at 2-3 times the
normal concentration.

There was a reduction of arginine to

less than half the normal concentration while glutamic acid
remained constant..

Normal duck erythrocytes have only traces

of phenylalanine, tyrosine, proline, and methionine.

However,

with erythrocytes infected with P„ lophurae there was a
definite increase in these amino acids.

Concentrations of

less than 0.,1-0.2 umoles/100 ml of normal duck erythrocytes
were present for phenylalanine, tyrosine, methionine and
proline.

In erythrocytes infected with P. lophurae the

concentrations were found to be 10-37 umoles/100 ml cells.
McCormick (19 70) observed that in P. knowlesi-infected erythro
cytes ^C-methionine incorporation was 30 times greater than
in normal blood.

During a 120 min incubation of infected

erythrocytes more than 50 percent of the uniformly

14

C-labeled

methionine was incorporated into an insoluble protein fraction.

9
Host cell hemoglobin and extracellular amino acids
have been shown to be two sources of parasite amino acids.
A third source for the carbon skeleton of some amino acids
was also detected, that is, from carbohydrates and fatty
acids

(Polet, Brown, and Angel, 1969).

Assay for radioacti

vity of the amino acids from digested protein isolated from
parasitized blood cells of P. knowlesi, incubated in the
presence of

uniformily-labeled glucose or pyruvate,

showed labeling of three amino acids, i.e., aspartic acid,
glutamic acid, and alanine.

Only aspartic acid and glutamic

acid were labeled in plasmodia grown in the presence of -^Cacetate.

The incorporation of

into amino acids was 3

times higher in concentration for infected cells as compared
to normal controls.
Morowitz and Terry

(1969) employed *^C labeling,

sodium dodecyl sulfate, and polyacrylamide gel electropho
resis to study membranes of Mycoplasma laidlawii.

The

microorganism was incubated with -^C-glucosamine or ^ 4Coleate in order to study the distribution of
membrane components.

labeled

Protein staining of the gels resulted

in the detection of 6 bands.

labeled membrane lipids

were distributed in a single broad band in the region of
fast-migrating membrane proteins.

Membrane-incorporated

^^C-glucosamine migrated in 2 bands of which the slower was
broad and asymmetric.
region containing
components.

The fast component migrated in the
labeled lipid and fast moving protein

10
III.

Autoimmunity
Ristic and White

(1960) have reported detection of

an A. marginale-antibody complex formed iri vivo.

The naturally

occurring Anaplasma-antibody complex was detected by exposing
erythrocytes of infected cattle to fluorescein-labeled bovine
antiglobulin,.

Schroeder and Ristic

(1965) have reported

detection of free and cell bound autohemagglutinins during
anaplasmosis.

Brock et a l „ (1965), employing the same anti

globulin technique, stated that no autohemagglutinins were
detectable on erythrocytes in various stages of anaplasmosis.
Thus, conflicting data exist on the autoimmunity of anaplas
mosis as determined by the antiglobulin technique.
and Ristic

Schroeder

(196 8) demonstrated that opsonins occurred in the

serum of A. marginale-infected calves.
The detection of a P. berghei-antibody complex formed
in vivo was reported by Kreier and Ristic

(1964). Fluores

cein-labeled anti-mouse globulin serum was prepared and
tested against P. berghei-infected murine erythrocytes.

The

plasmodia were found to stain very intensely during the later
stages of infection, thus demonstrating the production of
antibodies and an in vivo antigen-antibody reaction.

Back

ground staining of the erythrocytes was also demonstrated
with both methanol and formalin fixed erythrocytes, but to
a lesser extent with the formalin-treated cells.

At this

time the authors did not suggest the possibility of an auto
immune reaction accounting for the background staining.

11
Szilvassy, Kreier/ and Ristic (1969) detected free
and bound autoantibodies in chickens infected with Plasmodium
gallinaceum.

Erythrocyte-bound autoantibodies were demon

strated by an autolytic test and free serum antibodies were
observed by an autoagglutination test.

The autoantibody

titers developed at the same time that erythrocyte destruc
tion was taking place, and generally resulted in a fatal
anemia.

Similar results were shown by Kreier, et a l . (1966)

in rats infected with P„ berghei, except in rats the anemia
was rarely fatal.

MATERIALS AND METHODS
I„

Experimental animals
A„

Calves

Experimental animals of mixed breeds and mixed
sexes were obtained from local sources, i.e., dairy farms
and auctions„

Calves varied in age from a few days to

several months old.

The younger animals were fed rehydrated

powdered milk or placed on nurse cows and fed starter rationsu
For the older calves, grain, hay, and water were available
ad lib„

All calves were splenectomized prior to infection

with A. marginale„
B„

Ducks

Three-day old Pekin ducklings

(Ridgeway Hatcheries,

LaRue, Ohio) were maintained on a ground corn starter and
water ad lib,,

Ducks, 4-6 weeks old, were employed for

immunological studies and production of P„ lophurae0

Normally

5 0-100 ml blood was collected from animals in this age range
and the chances for immunocompetence were possibly greater
than that found in younger animals.
C„

Rabbits and guinea pigs

Young adult white New Zealand rabbits of mixed sexes
and young adult guinea pigs of mixed breeds and sexes were
obtained locally and maintained on Purina Rabbit Chow and

12
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water ad l i b -

Fresh green plants were also intermittently

supplied to guinea pigs as an additional vitamin C source,
D„

Mice

Swiss Webster random bred albino mice
Bio-Animals,

(Pel-Freez

Inc., Rogers, AR) weighing 25-35 g were main

tained in air-conditioned housing.

Purina Dog Chow and

water were given ad l i b .

II.

Hematology
Blood from calves infected with A. marginale was

obtained by venipuncture and collected at intervals in
tubes containing dipotassium ethylenediamine tetraacetate
(EDTA) as an anticoagulant.

Smears were prepared on

microscope slides and stained for 30 min with a 20 percent
stock solution of Giemsa's blood stain.

Packed cell volumes

(PCV) were also determined using a micro-hematocrit technique.
Blood smears from ducks infected with P. lophurae
were prepared from a drop of blood obtained by venipuncture.
The percent infected cells and PCV were determined in the
same manner as described for Anaplasma-infected blood.

III.

Parasite production and processing
A.

Anaplasma marginale

Splenectomized calves
A. marginale by intravenous

(Sect. I, A) were infected with

(IV)

injection of 50-100 ml of

Anaplasma-infected blood from carrier animals or animals with
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acute Anaplasma infections.

The percent Anaplasma bodies

(AB) was determined by Giemsa staining as described in Sect.
IIu

Calves were bled either by IV or cardiac puncture when

the PCV was 10-20 percent and 50-90 percent of their erythro
cytes contained AB.

Blood was collected in volumes of 10 0 ml

to 4 1 in sterile containers depending upon specific volumes
needed for experimentation.
required for

Larger volumes of blood were

uptake experiments, whereas,

small volumes

were sufficient for performing the immunoplaque assay or
passive hemagglutination test.

Sodium heparin

(25-30 IU/ml

blood) was added as an anticoagulant and erythrocytes
separated by centrifugation at 1,06 0 x g for 15 min at 5 C.
Plasma was aseptically removed and placed in sterile con
tainers.

The buffy coat was aspirated and erythrocytes

washed 3-5 times with saline or phosphate-buffered saline
(PBS)

at pH 7.4.
Washed erythrocytes and/or plasma employed in 14C

uptake experiments were utilized as described in Sect. V.
Erythrocytes used in autoimmunity studies were stored in
Alsever's solution

(Cutts, 1970)

at 4 C (Sect. Ill, A) and

those employed in disc electrophoretic studies were frozen
at -20 C immediately after removal of WBC„

Freezing of cells

served the purposes of storage and lysis of erythrocytes..
When semi-purified Anaplasma membrane preparations
and normal bovine erythrocytic controls were needed for
disc electrophoresis the cells were thawed, mixed with equal
volumes of saline, and sonicated in 100 ml volumes in 25 0 ml

15
beakers at 8 amps for 90 sec at 4 C with a Branson Sonifier,
The sonicated preparation was centrifuged at 1,085 x g for
10 min at 4 C and the supernatant fluid removed and centri
fuged at 27,000 x g for 30 min at 4 C.

The pellet obtained

was washed with saline 5-7 times for the removal of hemo
globin and stored at -20 C until used in disc electrophoretic
studies

(Sect. I V ) „

In each of the above cases normal bovine

blood was processed in the same manner and constituted a
normal control preparation.,
B.

Plasmodium lophurae

Ducks,

4-6 weeks old, which were inoculated with

0.2-0.4 ml Plasmodium-infected blood reached peak infections
in 5-7 days.

When the percent of infected erythrocytes

reached 90 percent or greater (Sect. II) ducks were bled
by cardiac puncture and blood collected in sodium heparin
(25-30 IU/ml blood)„

Heparinized blood was processed for

■*-^C uptake and autoimmunity experiments as described for
Anaplasma-infected blood in Sect. Ill, A.
Plasmodium-infected blood employed in disc electro
phoresis was processed by the basic methods described by
Sherman and Hull

(1960)

except for minor modification in

volumes of samples and reagents.

One volume of washed

Plasmodium-infected erythrocytes was suspended in 4 volumes
of 0.15 percent saponin solution and incubated for 20 min
at 40 C„

The mixture was then washed 3 times by centrifuga

tion at 1,060 x g for 15 min at 4 C with PBS.

One volume
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of saponin-treated cells was then suspended in 5-10 volumes
PBS and 0„5 mg deoxyribonuclease/ml packed cells added.

The

mixture was again incubated for 2 0 min at 4 0 C, followed by
centrifugation and 3 washings.

The semi-purified Plasmodium

preparation was then frozen at -20 C until employed in disc
electrophoresis

(Sect. IV),

In each of the above cases,

normal duck blood was processed in the same manner and con
stituted a normal control.

IV,

Disc electrophoresis
Membrane digestion and disc electrophoresis were

conducted employing the basic methods of Rottem and Razin
(1967)

except for differences in column length and volumes

of reagents and samples.

One volume of semi-purified

Anaplasma, Plasmodium, or normal membrane preparation

(Sect.

Ill) was dissolved in 2 volumes phenol-acetic acid-water
(2:1:0., 5, w/v/v)

at approximately 21 C for 2 hr.

Undigested

membranes were removed by centrifugation at 27,000 x g for
15 min at 4 C.

Two volumes of digest were mixed with 1

volume of 40 percent sucrose in 35 percent acetic acid and
0.1-0.15 ml of this mixture was placed on acrylamide gel
columns.,

The columns were 10 x 0.5 cm and filled with 7.5

percent acrylamide containing 5 M urea and 35 percent acetic
acid to a height of 6.7 cm.

The samples were then overlaid

with 75 percent acetic acid while 10 percent acetic acid
served as upper and lower baths.

The lower electrode served

as cathode and electrophoresis was carried out at approximately

17
21 C for 2.5 hr at a constant current of 4 ma/tube.

The

acrylamide gels were removed from the glass columns and
stained for 1 hr with Amido Black B .

Destaining was accom

plished by shaking the gels in 7 percent acetic acid.

V.

14C Uptake
Ten ml of erythrocytes of the various types

Ill),

(Sect.

i.e., normal and Anaplasma-infected calf erythrocytes

and normal and Plasmodium-infected duck cells, were suspended
in 20 ml normal plasma of the respective species and incubated
with 25 uCi 1-

14

C-methionine.

The various mixtures were

incubated in cotton-stoppered 125 ml flasks at 3 8.5 C and
40 C for bovine and duck erythrocytes,

respectively.

After

incubation for 19 hr normal and infected erythrocytes were
separated from plasma by centrifugation at 1,06 0 x g for
15 min at 5 C.

Erythrocytes were then washed 3 times with

saline and frozen at -20 C.

The normal and infected erythro

cytes were thawed and washed 5-7 times with saline for the
removal of hemoglobin and other cytoplasmic components.

Cell

preparations were extracted with 20 volumes chloroform-methanol
(2:1, v/v) overnight at approximately 21 C„

The extracted

membrane preparations were separated from chloroform-methanol
by filtration thru 0.45 u cellulose acetate filters.

They

were dried for 2 hr at 80 C and stored in dessicators over
anhydrous calcium sulfate until uptake was determined by
liquid scintillation

(Sect. V I).
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VI„

Liquid scintillation counting
Au

Whole membranes

Normal bovine and duck erythrocytic membrane prepara
tions, as well as membrane preparations,

containing Anaplasma

and Plasmodium (Sect„ V) were weighed out in 5 mg quantities
{dry weight)

and placed in liquid scintillation vials„

The

membranes were wetted by adding 0 U08 ml water to each vial
and held at approximately 21 C for 4 8-72 h r u

The wetted

membranes were digested by the addition of I-2 ml NCS solu
bilizer

(Amersham/Searle Corpu , Des Plaines, IL) and incu

bated at approximately 21 C for 4 8 hr„

The digested samples

were decolorized by the addition of 0 U8 ml saturated solution
of benzoyl peroxide in toluene followed by incubation at 50 C
for 30 min„

Immediately following decolorization of samples,

15 ml scintillation solution was added to each vial-

The

scintillation solution was prepared by dissolving 3 g 2,5diphenyloxazole and 0„1 g 1 ,4-bis-[2-(5-phenyloxazolyl]benzene in 1 1 toluene*

Determinations of radioactivity were

made using a Beckman Liquid Scintillation Spectrometer.,
Efficiency corrections were made employing a chemical quench
correction curve determined by Slack
B„

(1970)„

Fractionated membranes

Normal bovine and duck membrane preparations,

as well

as membrane preparations containing Anaplasma and Plasmodium
(Sect, V), were weighed out in 20 mg quantities, wetted,
digested in phenol-acetic acid-water and the solubilized
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components separated by disc electrophoresis

(Sect. IV)„

Duplicate gels were run and one was stained with Amido Black
B while the other was cut into 15 slices each being 0.45 cm
in width.

The slices were digested by placing them in

liquid scintillation vials and adding 0.1 ml of 30 percent
hydrogen peroxide.

The vials were firmly capped and placed

in a constant-temperature bath at 50 C until all gels were
completely solubilized.

Once dissolved, 1 ml NCS solubilizer

was added to each vial followed by addition of 15 ml scin
tillation solution and liquid scintillation counting as
described above

VII.

{Tishler and Epstein, 1967).

Antibody and complement production
White New Zealand rabbits

(Sect. I, C) were used as

the experimental animal for antibody production, and two
methods were utilized for the production of antibodies
against bovine and duck serum components.
described by Hirschfeld

The first method

(1960) utilized potassium aluminum

sulfate to precipitate serum components.
was described by Burrell and Mascoli
injection of whole serum.

The second method

(1967) and involved IV

When satisfactory antibody titers

were obtained as determined by precipitin tests the animals
were bled by cardiac puncture and the blood allowed to stand
at room temperature for a period of 1-2 hr and afterwards at
4 C overnight.

On the following day serum was decanted or

separated by centrifugation and stored at -2 0 C u

Rabbit
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anti-bovine gamma-globulin serum (Hyland, Los Angeles, CA)
was obtained in 1 ml vials and stored at 4 C.

Guinea pigs

were bled by cardiac puncture and the blood processed and
stored as described above.

Guinea pig serum served as a

complement source for the immunoplaque assay (Sect. XI).

VIII.

Passive hemagglutination
Rabbit anti-bovine serum and rabbit anti-duck serum

(Sect. VII) were utilized as antibody sources for passive
hemagglutination.

Complement was inactivated in all serum

samples by heating for 30 min at 56 C and adsorbed overnight
with three volumes of normal erythrocytes at 4 C.

The sera

were separated from erythrocytes by centrifugation at 1,06 0 x
g for 15 min at 5 C and

two-fold dilutions

1:12 80) made in 1 x 7.5

cm glass tubes containing 0.5 ml

saline.

(1:5 through

A tenth tube served as a normal saline control.

Normal and infected erythrocytes

(Sect. Ill) were diluted

to 0.5 percent suspension and 0.5 ml of normal cells was
added to one set of tubes and 0.5 ml infected erythrocytes
added to another row of serum antibody dilutions.
were shaken and allowed

All tubes

to stand at room temperature for 3 hr

followed by overnight incubation

at 4 C,

The tubes were read

after both 3 hr and overnight incubations.

IX.

Gel diffusion and immunoelectrophoresis
Gel diffusion and immunoelectrophoresis were carried

out utilizing 8 x 10 cm glass plates covered with 13 ml of
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1 percent Noble's agar in veronal buffer, pH 8.6 and ionic
strength 0.075.

The buffer contained 2.76 g diethyl bar

bituric acid and 15.40 g sodium diethyl barbiturate per
liter of distilled water.

All glass plates were pre-coated

with 4 ml 1 percent agar and the agar allowed to dry prior
to the addition of a 13 ml agar overlay.

Wells and troughs

were cut as desired.
Semi-purified Anaplasma preparations and normal
bovine erythrocyte control preparations

{Sect. II, A)

served as the antigen source for both gel diffusion and
immunoelectrophoresis.

Cohn serum fraction II + III of

bovine origin served as a known antigen for gel diffusion.
Normal bovine serum was employed as a known antigen for
immunoelectrophoresis.

Rabbit anti-bovine serum and rabbit

anti-bovine gamma-globulin serum (Sect. VII) were employed
as antibodies for gel diffusion and immunoelectrophoresis.
Gel diffusion was carried out employing a modifica
tion of the technique described by Osserman

(1959) which

facilitates the identification of specific precipitin arcs.
Three troughs and 2 wells were cut in the agar overlay.
Rabbit anti-bovine gamma-globulin serum was placed in the
center trough.

The wells were cut on each side of the center

trough and semi-purified Anaplasma preparation was placed in
one well and normal bovine erythrocyte preparation was placed
in the opposite.

Two additional troughs were then cut, each

being outside of the wells and parallel to the center trough.
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Cohn fraction II + III of bovine origin was placed in the
outer troughs, and the plates were incubated for 24 hr at
37 C and 100 percent relative humidity.

Following incubation

at 37 C the plates were placed at 5 C for 48-72 hr and
stained with 0.5 percent nigrosin.
Immunoelectrophoresis was performed utilizing agar
coated plates,

an LKB immunoelectrophoresis apparatus, and

a Spinco Duostat power supply.

Three wells were cut in each

plate * semi-purified Anaplasma preparation was placed in the
upper well, normal bovine erythrocyte control preparation
was placed in the center well,
in the lower well.

and bovine serum was placed

jElectrophoresis was conducted for 4 hr

at 12.5 ma/plate.

Plates were removed from the LKB immuno

electrophoresis apparatus,
bovine serum added.

troughs cut, and rabbit anti-

All plates were incubated and stained

as described above for gel diffusion.

X.

Immunoferritin techniques
The chemical coupling of ferritin to anti-bovine

serum was conducted by the basic techniques of Singer and
Schick

(1961) except for differences in volumes of reagents

and samples.

Globulins were prepared from rabbit anti-bovine

serum (Sect. VII)

by ammonium sulfate precipitation

and Mascoli, 1967).
free

(Burrell

Ferritin, 6 times crystallized, cadmium

(Polysciences Inc., Warrington, PA) was added to 0.1 M

borate buffer, pH 9.5, to a final concentration of 10 0 mg
ferritin/4 ml buffer.

One tenth ml of m-xylylene diisocyanate
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was added to the buffered ferritin solution and stirred for
45 min at 0 C.

The mixture was centrifuged at 4 80 x g for

30 min at 4 C and the supernatant was removed and allowed
to stand for 1 hr at 0 C.

Then 100 mg globulins were added

to the ferritin-XC-monoureido derivative and stirred for
4 8 hr at 4 C.

The mixture was dialyzed against 0.1 M

ammonium carbonate, pH 8.8, overnight at 4 C, and then with
0.05 M phosphate buffer, pH 7.5.

The conjugate was then

centrifuged at 1,935 x g for 30 min at 4 C and the superna
tant removed and sterilized by filtration.
Anaplasma-infected erythrocytes

(Sect. Ill, A) were

prepared and reacted with ferritin-antibody by two different
methods.

One preparation was prepared by washing the

infected erythrocytes 3 times at 1,935 x g for 10 min at
4 C followed by freezing and thawing of the cells.

The cells

were washed once more and 4 ml of 1:20 dilution of ferritinantibody was added to 0.5 ml volume of lysed infected erythro
cytes.

A second sample was prepared by washing infected

erythrocytes 3 times at 1,9 35 x g for 10 min at 4 C, and
making a thin film of erythrocytes on 8 x 10 cm glass plates.
The cell smears were air-dried, methanol-fixed for 2 min,
and again air-dried.

The ferritin-antibody diluted 1:20 was

then layered over the plates and incubated for 2 hr.

The

plate was washed with saline to remove excess or unreacted
ferritin-antibody.

The cells were removed in strips from

the plates by scraping with a razor blade.

Normal bovine

erythrocytes were treated in a similar manner and served
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as a control.
Samples of cells were prepared for thin-sectioning
by the technique of Kellenberger, Ryter, and Sechaud (Pease,
1964)„

The cell preparations were fixed and stained with

1 percent osmium tetroxide, embedded in 3 percent agar, and
treated with uranyl acetate.

Dehydration was carried out

in ethanol followed by propylene oxide and embedded in
Maraglas,

Thin sections were prepared on an LKB ultramicro

tome and observed with a RCA EMU-3,

XI.

Immunoplaque assay
The basic immunoplaque techniques described by Jerne

and Nordin

(1963) and Jerne, Nordin, and Henry

employed during the present investigation.

(1963) were

Mice

(Sect. I,

D) were injected IV with 0,5 mg Cohn serum fractions II + III
of bovine origin and their spleens were removed and tested
on days 4, 8, and 10 post-inoculation.
minced in Hanks balanced salt solution

The spleens were
(HBSS), passed through

a stainless steel support screen of a Millipore micro-syringe
filter holder, and centrifuged at 1,060 x g for 15 min at
4 C„

The supernatant fluid was removed and spleen cells

were diluted to a 10 percent suspension in HBSS.

Tubes with

0.7 percent agar in HBSS were prepared in 2 ml volumes.

The

agar was melted, cooled to 45 C, followed by the addition
of 1 mg DEAE-dextran, 0.1 ml of either 10 or 30 percent
saline suspensions of normal or Anaplasma-infected erythro
cytes

(Sect. Ill, A) and 0.1 ml spleen cell suspension.
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The components in the 0.7 percent agar were m ixed and
layered on previously-prepared agar plates containing 20 ml
of 1.4 percent agar in HBSS.

Plates were incubated for 1 hr

at 37 C under 10 percent carbon dioxide and 100 percent
relative humidity and flooded with 3 ml of a 1:10 dilution
of guinea pig complement.

The plates were reincubated at

37 C for 1 hr, complement was poured off, and the presence
or absence of plaques determined.

As a positive control to

test the assay system, mice were given intraperitoneal
injections of bovine erythrocytes and 4 days later the
immunoplaque assay was performed as described above.
Peripheral leukocytes of bovine origin were also
employed as the antibody producing cell population in the
Jerne immunoplaque test.

The buffy coat (Sect.

Ill, A) was

separated from Anaplasma-infected blood and a 10 percent
suspension prepared in HBSS.

One tenth ml of the WBC sus

pension was substituted for spleen cells in the immunoplaque
test described above.

XII.

PCV response to inactivated parasites in ducks
Anaplasma and Plasmodium have been reported to induce

an autoimmune response in their respective host
and Ristic, 1965, 1968; Szilvassy,

(Schroeder

Kreier, and Ristic, 1969),

and cross-reacting antigens between these 2 genera have been
demonstrated

(Dimopoullos, 1968).

These findings led to

attempts to produce anemia by inoculating ducks with Anaplasma
and Plasmodium preparations.

Normal bovine erythrocytes,
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Anaplasma-infected erythrocytes, normal duck erythrocytes,
and Plasmodium-infected erythrocytes

(Sect. Ill) were sus

pended in saline containing 1:10,000 merthiolate for 72-96 hr
at 4 C.

The cells were then washed 3 times with saline and

a 5 0 percent suspension prepared.

Ducks were injected with

5 ml of the various preparations and hematocrits determined
prior to injection and through day 14 post-inoculation.

RESULTS AND DISCUSSION
Preparations of erythrocytes infected with A»
marginale and P. lophurae have recently been reported to
contain cross-reacting antigens

(Dimopoullos, 1968).,

These

antigens were demonstrated by passive hemagglutination and
fluorescent-antibody techniques„

Furthermore,

investigators

have reported that during various infections of Plasmodium
an anemia occurs which is a result of an autoimmune reaction
(Kreier, et al„, 1966; Szilvassy, Kreier, and Ristic, 1969) „
Conflicting•reports exist with reference to the development
of an autoimmune state in anaplasmosis
Schroeder and Ristic, 1965)„

(Brock et al„ , 1965;

The present investigation was

conducted in order to compare protein components of A.
marginale and P„ lophurae as analyzed by disc electrophoresis,
and to determine the occurrence of an autoimmune response
during these infectious anemias.
I„

Comparison of membrane components
Dimopoullos

(196 8) reviewed research that demon

strated cross-reacting antigens between preparations of A.
marginale and P., lophurae»

During the present investigation

disc electrophoresis was employed in an attempt to compare
the protein components of these organisms„

A variety of

techniques have been employed for the separation of
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components of Anaplasma and Plasmodium (Ristic and Mann,
1963; Sherman, 1964; Pinerty and Dimopoullos, 1968)*

The

number of components varied depending upon the method used*
Most recently Finerty and Dimopoullos
disc electrophoretic method of Davis

(1968) employed the
(1964) and only soluble

protein components or those solubilized by sonication were
collated*
The disc electrophoretic method of Razin and Rottem
(1967) was used during this investigation*

Advantages of

this technique are that it offers a method for solubiliza
tion and comparison of particulate membrane components*
Semi-purified Anaplasma and Plasmodium preparations as well
as normal erythrocytic controls

(Sect. Ill) were solubilized

in phenol-acetic acid-water and separated on 7*5 percent
acrylamide gels containing 35 percent acetic acid and 5 M
urea.

The results of this study are presented in Figure 1*

The normal duck stromal preparation contained 13 bands,
whereas the P* lophurae preparation contained 14 components*
Both samples possessed 13 corresponding bands*

The normal

bovine stromal sample contained 8 b a n d s , whereas the
Anaplasma preparation showed 9 bands.

A single protein

band found in the parasitized preparations which had no
corresponding band in the normal control is thought to
represent a component of the parasite
Plasmodium) *

(Anaplasma or

The additional protein fraction found in the

two infected preparations did not appear to be similar since
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Figure 1„

Schematic representation of disc electrophoretic
patterns,,
1„
Normal duck stromal preparation,
2„
Partially-purified P. lophurae preparation,
3, Normal bovine stromal preparation„ 4„
Pa r 
tially-purified A. marginale preparation.
Arrows
on gel 2 and gel 4 indicate solubilized components
of parasitized preparations which were not found
in the normal samples.
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they did not have similar electrophoretic mobilities.

However,

these components could possibly contain cross-reacting
antigens.

At least four components with similar electropho

retic mobilities were observed in all 4 gels.
From these data it has not been determined whether
other digested parasitic membrane components migrate with
the digested host cell membrane components.

A second possi

bility is that the digested parasitic membrane components may
be present in such quantities that they are not detectable
by this technique.

Other investigators

(Sherman and Hull,

19 60; Ristic and Mann, 1963; Walsh and Sherman, 1968) have
referred to parasite preparations employed in the present
study as host-free parasites, but it is quite evident that
host cell stromal components are present in these "purified"
preparations.

The results show that additional purification

procedures will be required to obtain host-free parasites.
Cook et al.

(1969) employed electron microscopy and found

that P. knowlesi-infected erythrocytes treated with saponin
resulted in erythrocytic ghosts containing intact parasites.
These observations are consistent with the data presented in
the present report.

Until host-free parasite preparations

are obtained it must be recognized that experiments conducted
with partially-purified parasite preparations contain all
of the host cell membrane components found in normal stromal
samples.
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II.

14

C-uptake by normal and parasitized erythrocytes
Due to the lack of success in establishing the iden

tity of parasitic membrane components employing disc electro
phoresis, attempts were made in tagging the specific parasites
with -^C-labeled compounds followed by separation and identi
fication of the tagged components.

Bjornesjo

(1968) has

reported that amino acids taken up by mature erythrocytes
are not significantly incorporated into protein as compared
to other cells with an active protein metabolism.

It was

first necessary to determine if parasitized cells had a
higher rate of incorporation for various ^ C - l a b e l e d compounds
than did normal erythrocytes.

The labeled compounds chosen

were l - 1^C-acetate and l--*-^C-methionine.
Angel

Polet, Brown, and

(196 9) found that aspartic acid and glutamic acid were

labeled in Plasmodium grown in the presence of
Polet and Conrad

14

C-acetate.

(196 8) demonstrated that P. knowlesi

cultured in the absence of an exoerythrocytic source of
methionine resulted in a reduction of growth by 4 6 percent.
Both normal and parasitized erythrocytes were processed after
incubation and it was found that erythrocytic ghosts contained
the parasites.

Any labeled compounds that were not bound in

the membranes should have been removed during the formation
of ghosts.

The parasites, however, may have remained intact

during the preparation of RBC ghosts.

Electron micrographs

obtained from thin-sections of ghosts containing A. marginale
revealed that the parasite maintained its general morphologi
cal integrity.

It could not be determined if the parasites
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had been disrupted during the treatment.,
experiments are shown in Table 1-

Results of these

In each case it is evident

that the parasitized cells had a higher level of incorpora
tion for the labeled compounds.

Analyses of P„ lophurae-

infected cells showed a 1.6-fold increase in -^C-acetate
uptake over that of normal duck erythrocytes, whereas A.
marginale-infected cells showed a 5-fold increase over that
of normal bovine erythrocytes.

The uptake of -^C-acetate

during this experiment is in general agreement with the
findings of Polet, Brown, and Angel

(1969).

They observed

that -^C-acetate was incorporated into the protein of
Plasmodium preparations at about 3 times the concentration
found for normal erythrocytes.

Further analysis demonstrated

that aspartic acid and glutamic acid became labeled in both
parasitized and nonparasitized blood cells, thus indicating
that WBC and Plasmodium or WBC alone synthesized the amino
acids.

Since 3 times as much label was found in the para

sitized cells it suggested but did not prove that both WBC
and Plasmodium synthesized the 2 amino acids.

This conclu

sion was supported by the fact that separation of most of
the leukocytes from the parasites did not significantly
reduce the amount of labeled amino acids in parasite protein
preparations.
Incubation of normal and parasitized cells in the
presence of 1-^-^C-methionine resulted in substantially higher
uptakes for the parasitized erythrocytes

(Table 1)„
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Table 1„

Uptake of 1-^^C-acetate and l - ^ C - m e t h i o n i n e by
normal and infected erythrocytes (RBC) during a
19-hr incubation period in normal plasma.

RBC Cell Suspension

CPM/5 mg Preparationa
-^C-acetate
^C-methionine

Normal duck

10,667

32,185

P„ lophurae preparation

17,482

206,648

3,269

6,097

17,710

193,265

Normal bovine
A. marginale preparation

aError -

^2%
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Plasmodium-infected cells had a 6-fold increase over the
normal erythrocyte control,.

With A. marginale-infected

erythrocytes a 30-fold increase was observed when com
pared to the normal bovine erythrocyte sample.

These

findings are in general agreement with the results re
ported by McCormick

(1970)

for erythrocytes infected

with P„ knowlesi.

III„

Distribution of -*-^C radioactivity
Due to the fact that most protein components of

the parasitized preparations had corresponding electro
phoretic bands in the controls it became obvious that
other methods would have to be employed in an attempt to
determine the specific parasitic membrane components,.
It was observed that parasitized preparations took up
higher concentrations of -^c compounds.

An attempt was

therefore made to separate the various ^ C - l a b e l e d membrane
components by disc electrophoresis and determine the
location of the

activity.

With ^ C - a c e t a t e labeled

membranes counts were low and disc electrophoresis of
these labeled membranes did not aid in the identification
of specific parasite components.

Methionine-labeled

membranes possessed higher counts and upon disc electro
phoresis a comparison between normal and parasitized
preparations was possible.

Results of these experiments are

35
shown in Tables 2 and 3„

The first gel slice of each prepa

ration contained undissolved membrane components which
settled on the gel and possessed extremely high counts.
Therefore , calculations of percent radioactivity for the
first gel slice were omitted.

It was observed that in the

parasitized samples there was an increase in ^4C labeling.
Protein bands were found within the first 9 gel slices.
The percent ^"4C label per gel slice of protein bands was
similar to that of the normal controls.

If synthesis by

the parasites were responsible for increases in labeling,
specific bands would be expected to be found with additional
14C„

The possibility also exists that the parasites were

responsible for incorporation of **-4C and that their digested
membrane components migrated with those of the host.

IV,.

Autoimmunity of anaplasmosis
A.

Passive hemagglutination

Conflicting reports exist concerning the occurrence
of autoimmunity in anaplasmosis.

Schroeder and Ristic

{1965,

196 8) reported that an autoimmune reaction takes place during
the course of the disease.

Brock et al.

(1965) employed

the same techniques as Schroeder and Ristic

(1965) and stated

that an autoimmune response did not occur.

If such a reac

tion was taking place erythrocytes from A. marginale-infected
calves should have autoantibodies attached to the surface of
the erythrocytic membrane.

To test for the presence of these
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Table 2„

Distribution of ^ C - m e t h i o n i n e in normal and
Anaplasma-infected erythrocytes.

Normal bovine erythrocytes
No. gel
slice

CPMa

Anaplasma- infected erythrocytes

Percent of
total
radioactivity

No. gel
slice

CPM

Percent of
total
radioactivity

2

510

2 6.1

2

1,242

56.0

3

270

13.8

3

349

15.7

4

252

12,9

4

66

3.0

5

72

3. 7

5

29

1.3

6

32

1.6

6

30

1.4

7

58

3 „0

7

100

4,5

8

48

2.5

8

238

10. 7

9

26

1.3

9

29

1.3

10

21

1.0

10

21

0.9

11

117

6.0

11

21

0.9

12

114

5,8

12

26

1.2

13

116

8.5

13

24

1.1

14

123

6.3

14

24

1.1

15

142

7.2

15

17

0.8

aError ~

<2%
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Table 3.

Distribution of ^ C - m e t h i o n i n e in normal and
P lasmodium-infected erythrocytes.

Normal duck erythrocytes
No. gel
slice

CPMa

Percent of
total
radioactivity

Plasmodium- infected erythrocytes
No. gel
slice

CPM

Percent of
total
radioactivity

2

419

12.7

2

3,392

12. 5

3

4 71

14.3

3

4,379

16.1

4

426

12.9

4

4,161

15. 3

5

439

13. 3

5

4,053

14. 9

6

512

15.5

6

2,969

10.9

7

315

9 „6

7

2,180

8.0

8

197

6.0

8

2,466

9.1

9

77

2.3

9

1,126

4.1

10

72

2.2

10

745

2.7

11

64

1.9

11

512

1.9

12

73

2 „2

12

357

1.3

13

82

2.5

13

380

1.4

14

77

2.3

14

248

0.9

15

74

2.2

15

178

0.7

aError -

<2%
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autoantibodies a passive hemagglutination test was conducted
using the erythrocytes from infected animals and rabbit antibovine serum as an antibody source.
cytes were employed as a control.
are shown in Table 4.

Normal bovine erythro
The results of this study

Positive reactions were observed at

dilutions of 1:20, 1:40, and 1:80.
were negative in all cases.

Normal bovine erythrocytes

These findings demonstrate

that an autoimmune reaction takes place during anaplasmosis
and supports the previous work of Schroeder and Ristic (1965,
1968)
B.

Gel diffusion and immunoelectrophoresis

Gel diffusion and immunoelectrophoresis were employed
as a second means of demonstrating the presence of autoanti
bodies during anaplasmosis.

Partially-purified Anaplasma

and normal bovine erythrocytic preparations were employed
as antigens and rabbit anti-bovine serum and rabbit antibo vine gamma-globulin serum served as antibody sources.,
The partially-purified samples were used as an antigen source
rather than whole bovine cells to eliminate interference by
hemoglobin,,
Results of the immunoelectrophoretic studies are
shown in Figure 2.

The upper well contained the partially-

purified membrane preparation from Anaplasma-infected erythro
cytes, the center well contained the normal bovine membrane
control preparation and the lower well contained normal
bovine serum.

Autoantibodies of the gamma-globulin class
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Table 4.

Animal No.

Passive hemagglutination test for detection of
autoimmunity during anaplasmosis„ Normal bovine
and Anaplasma-infected erythrocytes were tested
against rabbit anti-bovine serum.

P CVa

Titers*5

1

26

20

2

17

20

3

19

40

4

12

80

5

8

80

6

Normalc

Negative

aPercent packed cells per volume blood, 53-62 percent of
erythrocytes contained Anaplasma bodies„
^Titers are expressed as reciprocals of the highest dilu
tions which showed a 1+ hemagglutination or greater.
C30-35 PCV
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Figure 2„

Detection of autoantibodies by Immunoelectropho
resis u The upper well contained partiallypurified Anaplasma preparation, the center well
contained normal bovine membrane preparation, and
the lower well contained normal bovine serum.,
After electrophoresis the troughs were filled with
anti-bovine serum.
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were found to be attached to the membranes of the parasitized
preparations..

Normal membrane preparations were not found

to contain serum globulins.

The lower well containing bovine

serum served as a reference for determining the identity of
the autoimmune globulins detected in the upper well.
and White

Ristic

(1960) using FA techniques reported an in vivo

Anaplasma-antibody complex, and therefore, it appears that
some of the globulins from the upper well could be due to
globulins attached to the AB»
Gel diffusion was employed as an additional means
of demonstrating the presence of an autoantibody-erythrocyte
complex and to verify its identity as a gamma-globulin.
Results are shown in Figure 3.

Autoantibodies from the

Anaplasma-infected erythrocyte preparation, and Cohn frac
tion II + III of bovine origin migrated toward the center
trough containing rabbit anti-bovine gamma-globulin serum.
The resulting precipitin arc of autoantibodies was continu
ous with the precipitin line formed by known gamma-globulins
reacting with known rabbit anti-bovine gamma-globulin serum.
A straight line of precipitation due to Cohn fraction II +
III reacting with rabbit anti-bovine gamma-globulin serum
was observed in the lower well containing the normal erythro
cytic sample.

Thus, no globulins were being contributed to

the precipitate by the erythrocytic control.

This test veri

fied the findings of the hemagglutination and immunoelectrophoretic tests and substantiated the fact that the autoanti
bodies involved were of the gamma-globulin class.
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Figure 3.

Detection of specific globulin class involved
in the autoimmunity of anaplasmosis„ The upper
well contained partially-purified Anaplasma
preparation and the lower well contained normal
bovine membrane preparation.,
The center trough
contained rabbit anti-bovine ganuna-globulin serum
and the outside troughs containedCohn fraction
II + III of bovine origin.
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C.

Immunoferritin

Davis et al.

(1968)

and Tonietti et al.

(1969)

utilized ferritin-antibody techniques to study idiopathic
immune hemolytic anemias and drug-induced anemias.

The

degree of in vivo antibody erythrocyte reaction was easily
determined by this means.

Davis et a l . (1968)

found that

an iri vivo antibody-erythrocyte reaction could be detected
using the ferritin-antibody technique even when the system
was negative in the Coomb's test.
Ferritin-antibody techniques were employed during
the present study as an additional means of demonstrating
the autoimmunity occurring in anaplasmosis.
shown in Figure 4.

The results are

The ferritin-antibody conjugate reacted

with the membrane preparation and demonstrated the presence
of an initial in vivo antibody-erythrocyte complex.

The

membrane preparations were prepared from erythrocytes of
animals at peak infections.

It was not determined if non

infected erythrocytes had undergone an iri vivo antibodyerythrocyte reaction, but from the work of Schroeder and
Ristic

(1968)

it would be assumed that non-infected erythro

cytes from Anaplasma-infected animals had undergone an
in vivo antibody-erythrocyte reaction.
Ristic, 1968)

They

(Schroeder and

demonstrated the presence of opsonins in sera

of Anaplasma-infected animals and its reaction with infected
as well as noninfected erythrocytes.
Ristic and White

(1960)

reported detection of an

in vivo A n a plasma-antibody reaction by treating Anaplasma-
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Figure 4„

Electron micrograph of Anaplasma-infected erythro
cytic membrane preparation treated with ferritinconjugated antibody to bovine globulins.
In
cross-section clusters of ferritin molecules are
seen on surface of cell membranes.

45
infected erythrocytes with FA,

During the present study an

attempt was made at demonstrating this in vivo reaction by
immunoferritin techniques„

However, positive identification

of AB could not be made during the examination of many thinsections,

Ristic and White

(1960) did not report the

detection of an iri vivo autoantibody-erythrocyte complex,,
Kreier and Ristic

(1964) detected an in vivo Plasmodium

berghei-autoantibody complex by FA techniques and background
staining of the erythrocytes was observed.

It was not

suggested that this represented the detection of an auto
immune response by the host,
D„

Immunoplaque technique

Hemagglutination, gel diffusion,

immunoelectropho-

resis, and immunoferritin techniques were successfully
employed to demonstrate the presence of an autoimmune reac
tion during anaplasmosis,

These tests showed that bovine

globulins and more specifically gamma-globulins were reacting
with bovine erythrocytes during anaplasmosis,

Therefore,

it was thought that the immunoplaque technique would be an
additional means of demonstrating the autoimmune reaction.
Mice were injected with Cohn fraction II + III of bovine
origin and their spleens removed at 4, 8, and 10 days and
used in the immunoplaque test.

Erythrocytes from Anaplasma-

infected animals were employed in the test with mouse spleen
cells.

If the erythrocytes had globulins attached and if

the minced spleens contained lymphocytes that were producing
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anti-bovine gamma-globulin plaques should be observed in
the test system.

However, a positive test was not obtained.

The question arises that the mice did not produce a signifi
cant antibody response and this could explain the negative
results.

It is knpwn that particulate material has a

higher antigenicity than soluble antigens on a weight basis
(Nowotny, 1969).

Thus, 0.5 mg Cohn fraction II + III of

bovine origin may have been an insufficient stimulus to
obtain an antibody-producing population of spleen cells.
Friedman

(1964) has shown that peripheral leukocytes

of mice contained antibody-producing cells.

Therefore, it

would be expected that leukocytes present in the buffy coat
of Anaplasma-infected animals would contain antibodyproducing cells.

The immunoplaque test was conducted using

these peripheral leukocytes as the antibody-producing cell
population, and the test was carried out as described above.
Results of this test were negative.

One possibility for

the negative test, other than the absence of antibodyproducing cells, is that the time period from collection
of blood until preparation of plates was too great.
To test the basic system, mice were injected IP with
0.1 ml of a 10 percent suspension of bovine erythrocytes and
4 days later the spleens were removed, minced, and tested
against bovine erythrocytes.

The results of this test were

positive and demonstrated that the basic immunoplaque
technique was being performed properly.
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V.

Passive hemagglutination and P. lophurae
P. berghei and P. gallinaceum have been shown to

cause an autoimmune reaction in their respective host (Kreier,
et al., 1966; Szilvassy, Kreier, and Ristic, 1969).

Con

flicting reports exist as to the autoimmunity of anaplasmosis
(Brock et a l . , 1965, Schroeder and Ristic, 1965), but findings
of the present report demonstrate that an autoimmune reaction
does occur.

Cross-reacting antigens

(Dimopoullos, 1968) are

known to exist between these two Anaplasma and Plasmodium;
therefore, it became of interest to determine if an auto
immune reaction is involved in anemias caused by P. lophurae
infections, and if common antigen(s) between the two parasites
initiated the auto immunity,,
Passive hemagglutination was conducted using P.
lophurae-infected duck cells and rabbit anti-duck serum.
Normal duck erythrocytes served as a negative control and
a saline control tube was prepared for all cells tested.
The results of this test are shown in Table 5.

Tubes contain

ing P. lophurae-infected cells were positive at dilutions of
Is 20, Is 40, Is 40, and 1:80, respectively for 4 infected ducks
and negative for the normal control.

These findings demon

strate that an autoimmune response occurs during
infections.

lophurae

The degree of anemia caused by the autoimmune

response was not determined.
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Table 5.

Animal No.

Autoimmunity of P. lophurae infections.
Passive
hemagglutination was conducted with normal and
infected duck erythrocytes against antibodies
produced in rabbits against normal duck sera.

PCVa

Titers*3

1

19

20

2

14

40

3

8

40

4

8

80

5

Normalc

Negative

aPercent packed cells per volume blood, greater than 9 0
percent of erythrocytes contained Plasmodium.
b

^
Titers are expressed as reciprocals of the highest dilu
tions which showed a 1+ hemagglutination or greater.

C30-35 PCV
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VI.

Effect of inactivated parasites on PCV of ducks
During the present study both A„ marginale and P,

lophurae have been shown to cause an autoimmune response
and previously reported by Dimopoullos
common antigens.

(1968) to possess

Thus, an attempt was made to determine if

inactivated parasites would also result in the production
of anemia.

An inoculum of 0.2 ml of viable P. lophurae-

infected erythrocytes results in a maximum anemia within
7 days followed by death of the host.

The PCV drops to

7-10 percent, and greater than 9 0 percent of the erythrocytes
contain the parasite.

To test the effect of inactivated

parasites on the PCV of ducks, erythrocytic preparations
were injected IV into ducks and PCV determined for the
following 14 days.
Table 6.

Results of this study are shown in

Animals that received viable Plasmodium died on

days 6 and 7.

Previous studies have shown that prior to

death the PCV drops to 7-10 percent.

One injection of

inactivated parasite preparations appeared to have no effect
on the PCV during the test period.

The parasitized cells

were rapidly removed from the blood as determined by micro
scopic examination of blood taken post-inoculation.

The

possibility exists that smaller injections of inactivated
parasites over a period of days would have resulted in the
production of an anemia since during an active infection
small volumes of parasites are continually present.

From

this study it could not be determined if a common antigen
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Table 6„

Effect of Anaplasma, Plasmodium, and normal control
preparations on PCV of ducks.

Animal
No.

Preparation
administered

0

PCV iand day tested
2 4 6 8 10 12

14

1

None

36 33 33 36 35

36

36

36

2

None

36 34 34 37 36

36

32

33

3

Viable Plasmodium

29 24 22 10

4

Viable Plasmodium

33 32 31 25

5

Normal bovine RBC

31 28 31 33 31

35

33

32

6

Normal bovine RBC

36 32 34 35 33

32

35

33

7

Inactivated Anaplasma

36 34 33 31 34

34

33

33

8

Inactivated Anaplasma

33 32 34 34 34

34

35

35

9

Normal duck RBC

33 33 35 31 29

29

27

32

10

Normal duck RBC

31 34 31 30 26

24

23

26

11

Inactivated Plasmodium 31 29 31 30 28

25

28

30

12

Inactivated Plasmodium 30 32 33 30 30

31

27

32

*Animal died.

*
-

-

-

-

-

-

*

51
exists between A, marqinale and P„ lophurae which is respon
sible for the initiation of the autoimmune response,

SUMMARY AND CONCLUSIONS
Investigations were conducted to compare protein
components of A. marginale and P. lophurae, and to determine
if an autoimmune anemia occurs during these infections.

Disc

electrophoresis showed that no common protein components
exist between A. marginale and P. lophurae for which there
were no corresponding bands in normal erythrocytic prepara
tions.

This study vividly demonstrated that the purified

preparations employed by other investigators contain all of
the normal stromal components found in normal erythrocytes.
Infected erythrocytes were shown to have much higher
uptake values for ^ C
controls.

compounds than did normal erythrocytic

However, the increase appeared to be evenly dis

tributed throughout the protein bands and not localized in
any specific components.

The possibility exists that para

sitic membrane components were digested and migrated with
the stromal components.

It is quite obvious that additional

purification procedures will have to be developed before
stromal-free parasite preparations will be obtained.
Autoantibodies were detected from purified Anaplasma
preparations and whole Anaplasma-infected erythrocytes.
Positive results were obtained using a variety of immuno
logical techniques,
diffusion,

i.e., passive hemagglutination, gel

immunoelectrophoresis, and immunoferritin
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techniquesu

Negative results were obtained employing the

immunoplaque assay system.

Passive hemagglutination test

also demonstrated the presence of an in vivo autoantibodyerythrocyte reaction for P. lophurae-infected erythrocytes.
These findings prove that during infectious anemias caused
by A. marginale and P. lophurae an autoimmune anemia occurs.
An attempt was made to determine if inactivated P.
lophurae or A. marginale would induce an anemia.
from this study were negative.

Results

It appears that a single

injection of inactivated parasite is not sufficient to
stimulate the production of an anemia.
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